A convenient synthesis of 3-phenylthio-azetidin-2-ones by Bari, S S et al.
Indian Journal of Chemistry
Vol. 37B, November 1998, pp. 1114-1119
A convenient synthesis of 3-phenylthio-azetidin-2-ones
S S Bari·, A K Sharma & M K Sethi
'Department of Chemistry, Panjab University, Chandigarh 160014, India.
Received 23 February 1998; accepted (revised) 28 September 1998
3-Phenylthio-4,4-diethoxycarbonyl-azetidin-2-ones 8 have been conveniently synthesised by reacting
2-chlorophenylthioacetyl chloride 5 with aryl substituted aminomalonates 7 under mild basic conditions.
Alternatively, C-3 alkylation of azetidin-2-one using diphenyldisulphide also provides an easy excess to
these heterocycles. Decarbethoxylation of 8a furnishes cis-3-phenylthio-4-ethoxycarbonyl-azetidin-
2-one 9.
Recent discoveries of non-classical ,B-Iactam
antibiotics such as nocardicines, monobactams and
thienamycin have stimulated much interest'" in the
synthesis of monocyclic ,B-Iactams. Besides this,
the unique feature of these strained molecules is
that these heterocycles are becoming powerful
building blocks for the synthesis of a variety of
organic compounds'" having different functio-
nalities such as a-amino acids, f3-amino acids,
u-hydroxy-If-amino acids, amino sugars and other
heterocycles.
3-Phenylthio-azetidin-2-ones 1 with a masked
group at C-3 are extremely useful since easy
dernasking" of the carbonyl group at C-3 produces
azetidin-2,3-diones 2 which are very useful
intermediates.
A few methods of preparation of these 3-
phenylthio-azetidin-2-ones 1 have been reported':"
in the literature employing Staudinger reaction
between appropriately substituted acid chlorides
and imines. We report herein a convenient and
efficient synthesis of 3-ph~nylthio-4,4-diethoxy-
carbonyl-azetidin-2-ones 1 (R1=R2=COOC2H5).
The strategy employs N-acylation of amino-
malonate followed by in situ C3-C4 bond formation
as the key step (Scheme I).
2-Chlorophenylthioacetyl chloride 5 was pre-
pared by reacting phenylthio acetic acid with PCl3
followed by a-chlorination using S02Cl2 in dry
CH2Cl2 at ODe. Substituted aminomalonates 7a-c
were synthesised using bromomalonate 6 and
different aromatic amines according to literature
method".
The substituted aminomalonate 7a-c were
treated with 2-chlorophenylthioacetyl chloride 5 in
methylene chloride in the presence of pyridine at
ODC followed by refluxing to give 3-phenylthio-
azetidin-2-ones 8a-c in good yield. The structures
of these azetidin-2-ones were confirmed through
their MS, IR, IH NMR and 13CNMR spectral data.
Treatment of azetidin-2-one 8a with moist NaCI in
DMSO at 140DC produced cis-3-phenylthio-4-eth-
oxycarbonylazetidin-2-one 9 as major product.
along with a small quantity of trans isomer 10 in
the ratio 12: 1. The structure and stereochemistry of
these azetidin-2-ones were established on the basis
of their IH NMR spectra which showed CrH and
C4-H coupling constants as 5.5 Hz and 2.4 Hz for
cis and trans azetidin-2-ones 9 and 10, respec-
tively.
In an alternative approach (Scheme II),
substituted aminomalonate 7a on acylation with
phenylthioacetyl chloride 4 under basic conditions
gave 11 in quantitative yield. The structure of 11
was confirmed on the basis of spectral data (JR, IH
NMR, MS). This acylated aminomalonate when
treated with S02Cl2 in dry methylene chloride at
-SDC under N2 afforded diethyl 1-(4' -methoxy-
phenyl )-1-(2' -chloro )phenylthioacetylaminomalo-
nate 12 in 90% yield whose structure was
confirmed through spectroscopic data (JR, 'H and
l3C NMR). Cyclisation of 12 in pyridine at 50DC
gave azetidin-2-one 8a in almost quantitative yield
which had spectroscopic data (IR, 'H NMR, MS)
identical to that of 3-phenyl-thioazetidin-2-one 8a
prepared earlier.
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Scheme III--Reagent: (i) C6H6, (C2Hs»)N, reflux, (ii) LDA,
THF, PhSSPh, -78°C, N2.
Another approach (Scheme ill) has been found
to be equally efficacious for the preparation of
3-phenylthioazetidin-2-ones. Reaction of chloro-
acetyl chloride with substituted aminomalonate 8a
under basic conditions" yielded 1-(4' -rnethoxy-
phenyl)-4,4-diethoxycarbonylazetidin-2-one 13.
This on alkylation with diphenyldisulphide using
LDA as base at -78°C under N2 afforded 3-
phenylthio-azetidin-z-one 8a in 78% yield whose
structure was confirmed on the basis of spectral
data (IR, IH NMR, MS).
Experimental Section
M.ps. reported are uncorrected. IR spectra were
recorded on Perkin Elmer 1430 spectrophotometer
(vmax in cm'), IH NMR and 13CNMR spectra on a
Varian EM 390, 90 MHz spectrometer or Bruker
WP 300 SY, 300 MHz spectrometer in CCl4 or
CDCl3 with TMS as internal reference (chemical
shifts in 8, ppm) and mass spectra on a VG
Analytical 11-250-170S spectrometer. Chromato-
graphic separation was carried out using silica gel
100-200 mesh (Acme). Microanalyses were carried
out in the micro analytical section of Regional
Sophisticated Instrumentation Centre, Panjab
University, Chandigarh. Unless otherwise stated,
all organic extracts were dried over anhydrous
sodium sulphate.
Phenylthioacetyl chloride 4. A mixture of
phenylthioacetic acid (2.36 g, 20 mmoles) and
phosphorus trichloride (2.75 g, 20 mmoles) was
gently warmed and stirred in dry flask fitted with
condenser and guard tube. The reaction mixture
turned into a clear solution and stirring continued
at 50°C for 30 min. A greenish sticky material
deposited on the sides of the flask indicating the
completion of reaction. Thereafter, the contents
were diluted with dry methylene chloride (100 mL)
and transferred into another dry flask. The residue
on distillation at 112-15°C gave pure phenylthio-
acetyl chloride 4 (3.4 g, 95%). IR: 1720; IH NMR:
3.62 (s, 2H, -SCH2-), 6.8-7.3 (m, 5H, aromatic
protons).
2-Chloro-phenylthioacetyl chloride 5. To a
well stirred solution of phenylthioacetyl chloride 4
(2.62 g, 14.05 mmoles) in dry methylene chloride
(50 mL) under nitrogen at -5°C was added drop-
wise a solution of sulfuryl chloride (1.89 g,
1.25 mL, 14.0 mmoles) in methylene chloride
(10 mL). The progress of the reaction was checked
by TLC and contents stirred for 30 min.
Thereafter, solvent evaporation under vacuum
furnished 5 (2.98 g, 97%), IR: 1715; IH NMR:
5.53 (s, IH, -SCHCI-), 6.8-7.3 (m, 5H, aromatic
protons).
Diethyl N-( 4' -methoxyphenyl)-aminomalo-
nate 7a. It was prepared according to literature
methodII by reacting diethyl bromomalonate
(2.38 g, 10 mmole) with p-anisidine (2.46 g,
20 mmole) in dry benzene in 65% (1.82 g) yield,
mp 49-50°; IR: 3390, 1765, 1735, 1520; IH NMR:
1.27 (t, 6H, J==7.2 Hz, 2xCOOCH2CH3), 3.71 (s,
3H, OCH3), 4.20 (q, 4H, J=7.2 Hz, 2xCOOCH2
CH3), 4.61 (bs, IH, -NH-), 4.71 (s, in, -CH-), 6.7
(m, 4H, aromatic protons).
Diethyl N-( 4;.-methoxyphenyl)-aminomalo-
nate 7b. This was prepared from diethyl bromo-
malonate (2.38 g, 10 mmoles) and p-toludine
(2.14 g, 20 mmoles) as reported earlier in 67%
(1.77 g) yield, mp 45°; IR: 3350, 1760, 1735; IH
NMR: 1.20 (t, 6H, 2xCOOCH2CH3), 2.3 (s, 3H,
-CH3),4.21 (q, 4H, 2xCOOCH2CH3), 4.55 (bs, IH,
-NH-), 4.71 (s, IH, -CH-), 6.88 (dd, 4H, aromatic
protons).
Diethyl N-phenylaminomalonate 7c. This was
obtained following the same procedure from
diethyl bromomalonate (2.38 g, 10 mmoles) and
aniline (1.86 g, 20 mmoles) as an oil (1.8 g, 72%),
IR: 3350, 1760, 1735; IH NMR: 1.21 (t, 6H,
2xCOOCH2CH3), 4.25 (q, 4H, 2xCOOCH2CH3),
4.63 (bs, IH, -NH-), 4.72 (s, IH, -CH-), 6.71 (m,
5H, aromatic protons).
1-(4' -Methoxyphenyl)-3-phenylthio-4,4-dieth-
oxycarbonyl-azetidin-2-one 8a. A solution of
2-chloro-phenylthioacetyl chloride (2.21 g,
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10 mmoles) in methylene chloride (20 mL) was 7.20 (m, 10H, aromatic protons); CIMS (CH .• as
added dropwise to a stirred solution of diethyl reagent gas): mJz 400 (M+Ht.
N-(4' -methoxyphenyl)-aminomalonate 7a (2.5 g, 1-(4' -Methoxyphenyl)-3-phenylthio-4-ethoxy-
9 mmol) in methylene chloride (80 mL) and carbonyl-azetidin-2-one 9. A mixture of azetidin-
pyridine (20 mL) at O°C. The stirring was 2-one Sa (0.86 g, 2 rnrnoles), sodium chloride
continued and reaction mixture allowed to warm to
(0.1 g), two drops of water and dimethylsulfoxide
room temperature. Thereafter, it was refluxed for (25 mL) was refluxed for 4 hrs. The progress of the
4 hr. The progress of the reaction was checked by reaction was monitored by TLC. Thereafter, the
TLC. After the completion of reaction, the solvent reaction mixture was poured into' water (100 mL)
was evaporated under vacuum and the residue and extracted with ethyl acetate (4x25 rnL). The
redissolved in methylene chloride (50 mL) and combined organic extract was washed with water
washed with water (2x25 mL), 1% cold (2x20 mL), brine (2x20 mL) and dried. The
hydrochloric acid (20 mL), brine (20 mL) and solvent on evaporation yielded a mixture of cis and
dried. The solvent removal gave the crude product trans azetidin-2-ones in the ratio 12:1 in 81% (0.58
which on column chromatography over silica gel g) yield as an oil. Chromatographic separation on
using hexane-ethyl acetate (3:1) mixture afforded silica gel using hexane-ethyl acetate (7:3) afforded
pure azetidin-2-one Sa (3.1 g, 72%), mp 94-96°, azetidin-2-ones 9 and 10 as cis and trans-~lac-
IR: 1760 (f3-lactam C=O), 1720 (ester C=O); IH tams, respectively. _
NMR: 1.22 (t, 6H, J=7 Hz, 2xCOOCH2CH3), 3.81
( 3H OCH) 4 35 ( 4H 2 COOCH CH) 5 31 The major, cis-~lactam 9 showed the followings, 3,. m, ,X 2 3,.
(s, 1H, C3-H), 6.85-7.50 (m, 9H, aromatic protons); spectral data: IR: 1750, 1730; IH NMR: 1.22 (t,
\3C NMR: 13.81, 13.88,55.32,62.71,62.76,62.90, 3H, COOCH2CH3), 3.81 (s, 3H, OCH3), 4.30 (q,
72.4, 113.92, 121.21, 127.41, 129.05, 129.13, 2H, COOCH2CH3J, 4.90 (s, 2H, split into two
2 6 81 165 42 d doublets on addition of shift reagent Eutfodj.,130.31, 133.60, 157.2, 1 1., ., an
165.84; CIMS (NH3): mJz 430 (M+Ht (Found: C, J=5.5 Hz, C3-H and C4-H), 6.8-7.6 (m, 9H,
61 43' H 532' N 3 19 C H NO S requires C aromatic protons); \3C NMR: 14.07, 55.51, 57.58,. , , . , , . . 22 23 6 ,
61.52; H, 5.39; N, 3.26%). 59.20, 60.43, 114.27, 118.40, 126.64, 128.91,
130.48, 132.56, 133.85, 15,(.82, 162.10, 169.20;
1-(4'-Methylphenyl)-3-phenylthio-4,4-dietho- ClMS (NH3 as reagent gas): mJz 358 (M+18t
xycarbonyl-azetidin-2-one Sb. This was prepared (Found: C, 63.78; H, 5.31; N, 3.86. C1Jil9N04S
using 2-chloro-phenylthioacetyl chloride (2.21 g, . requires C, 63.85; H, 5.36; N, 3.92%).
10 mmoles) and diethyl N-(4' -methylphenyl)- The minor, trans-~lactam 10 showed the
aminomalonate 7b (2.39 g, 9 mmoles) following following spectral data: IR: 1748, 1730; IH NMR:
the procedure as reported for Sa, in 70% (2.9 g) 1 25 (t 3H COOHCH CH) 3 75 ( 3H OCH)
. " 2 3,· s, , 3 ,




), 4.29 (d, 1H, J=2.29
1.25 (t, 6H, 2xCOOCH2CH3), 2.35 (s, 3H, CH3), Hz, C
4
-H), 4.50 (d, s, J=2.30 Hz, C3-H), 7.0 (dd,
4.2 (m, 4H, 2xCOOCH2CH3), 5.3 (s, 1H, CrH), 4H, aromatic protons), 7.31-7.60 (m, 5H, aromatic
6.9-7.4 (m, 9H, aromatic protons); CIMS (CH4 as protons); CIMS: (NH3 as reagent gas): mJz 358
reagent gas): m/z 414 (M+Ht·(Found: C, 63.85; (M+18t.
H, 5.52; N, 3.31. C22H23NOsS requires C, 63.90; H,
5.60; N, 3.39%). Dimethyl N-(4'-methoxyphenyl)-I-phenyl-
thioacetyl-aminomalonate 11. A solution of
I-Pheyl-3-phenylthio-4, 4-diethoxycarbonyl- phenylthioacetyl chloride (1.86 g, 10 rnrnoles) in
azetidin-2-one Sc. This was prepared from 2-chlo- methylene chloride (10 mL) was added dropwise
rophenylthioacetyl chloride (2.21 g, 10 mmoles) to a stirred solution of diethyl N-(4'-methoxy-
and diethyl N-phenylaminomalonate (2.26 g, phenyl)aminomalonate (2.5 g, 9 rnrnoles) and
9 mmol) according to the procedure as reported for pyridine (10 mL) in methylene chloride (50 mL) at
Sa, in 67% (2.6 g) yield as an oil; IR: 1755, 1725, O°C. The progress of the reaction was checked by
820; IH NMR: 1.21 (t, 6H, 2xCOOCH2CH3), 4.2 TLC and stirring continued at room temperature
(q, 4H, 2xCOOCH2CH3), 5.2 (s, 1H, C3-H), 6.91- for 5 hr. Thereafter, the reaction mixture was
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washed with water (2x20 mL), brine (30 mL) and
ethyl acetate-hexanes (3:7) to afford the acylated
aminomalonate 11 as an oil (3.39 g, 87%); IR:
1750, 1695; IH NMR: 1.20 (t, 6H,
2xCOOCH2CH3), 3.51 (s, 2H, -S-CH2-CO-), 3.81
(s, 3H, OCH3), 4.15 (q, 4H, 2xCOOCH2CH3), 5.52
[s, IH, HC(COOCH2CH3)]' 6.8-7.4 (m, 9H,
aromatic protons); \3C NMR (CDCI3): 13.78,
13.82, 38.93, 55.39, 61.99, 64.77, 114.47, 126.59,
128.80, 129.95, 130.71, 131.99, 135.47, 159.81,
165.59, 169.39; CIMS (CH4 as reagent gas): m/z
432 (M+Ht (Found: C, 61.28; H, 5.76; N, 3.21.
C22H2sN06S requires C, 61.24; H, 5.84; N, 3.25%).
Diethyl N-(4' -methoxyphenyl)-N-(2-chloro)-
phenylthioacety,l-aminomalonate 12. A solution
of sulfuryl chloride (0.68 'g, 0.48 mL, 5.02
mmoles) in methylene chloride (10 mL) was added
dropwise to a stirred solution of acylated
aminomalonate 11 (2.15 g, 5 mmoles) in
methylene chloride (50 mL) at -5°C under
nitrogen. The progress of the reaction was checked
by TLC and stirring continued. Thereafter, the
solvent was evaporated under vacuum and the
residue on chromatographic purification on silica
gel (hexanes-ethyl acetate, 10: 1) afforded the
a-chlorinated derivative 12 (2.1 g, 94%) as an oil;
IR: 1720, 1700; IH NMR: 1.22 (t, 6H,
2xCOOCH2CH3), 3.78 (s, IH, -SCH(CI)CO-), 3.82
(s, 3H, OCH3), 4.35 (m, 4H, 2xCOOCH2CH3), 5.51
[s, IH, -CH(COOCH2CH3)2], 6.9-7.3 (m, 9H,
aromatic protons); \3C NMR (CDeI3): 13.78,
13.87, 30.50, 55.34, 62.71, 62.74, 113.88, 121.25,
127.45, 128.68, 129.09, 130.37, 133.64, 157.22,
161.29, 165.34, 165.78; \3C NMR (DEPT 135):
13.84 (+), 13.93(+), 30.90(+), 55.39(+), 62.74(+),
62.83(+), 62.99(-), 113.25(+), 121.25(+),
127.49(+), 129.10(+), 129.26(+), 130.36(+); CIMS
(NH3 as reagent gas): m/z 466.5 (M+Ht.
1-(4' -Methoxyphenyl)-4, 4-diethoxycarbonyl-
azetidin-2-one 13. This was prepared according to
the procedure as reported in the literature!'.
1-(4' -Methoxyphenyl)-3-phenylthio-4,4-dieth-
oxycarbonyl-azetidin-2-one (via C3 alkylation)
8a. A solution of azetidin-2-one 13 (0.64 g,
2 mmoles) in dry THF (5 mL) was added dropwise
to a stirred solution of lithium diisopropylamide
(LDA) (1.2 eq) in dry THF (20 mL) at -78°C
under nitrogen. The stirring was continued for 10
min. and a solution of diphenyldisulphide (0.24 g,
1.2 mmoles) in dry THF (15 mL) was added
dropwise at -78°C. The reaction mixture was
stirred for 20 min. and thereafter quenched by
adding saturated aqueous ammonium chloride
'solution (10 mL). The solvent was evaporated
under vacuum and the residue extracted with ethyl
acetate (4x25 mL). The combined organic extract
was washed with water (20 mL), brine (20 mL)
and dried. Evaporation of solvent and
chromatographic purification (silica gel, hexanes-
ethyl acetate 4: 1) of residue afforded pure azetidin-
2-one 8a (0.47 g, 55%) which showed the identical
spectroscopic data as reported for 8a synthesised
involving C3-C4 bond formation.
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